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1. The new Science Era - and the new challenge - 
AugCog 

2. Mechanical Control of the brain 
Brain-Machine (or Computer) Interface 
The new “Optogenetic” era 

4. Understanding via building + Theory/Modeling The 
“Blue Brain/HBP” projects 




The EU (IB Euro/each) Flagship Projects 



• FuturCT 

• Grapheme 

• Gurdian Angles 

• HBP 

• ITFOM 

• RoboCom 




Automatons 

In 1737, Vaucanson built The Flute Player, a life-size figure of a 




shepherd that played the 



Remote-controlling the brain (via radio signals) 

Jose Manuel Rodriguez Delgado (1969). 

Physical Control of the Mind: Toward a Psychocivilized Society 




CHIPS 




ELECTRICAL BRAIN-STIMULATION 
DEVICES [opposite page), invented 
by Jose Delgado for his research 
into behavior and motor control, 
were implanted into apes, monkeys 
[shown above), bulls, cats and 
humans. Electrodes could remain 
implanted for more than two years 




Brain-Computer-Machine Interface (BMI) 



” Augmenting Cognition” 
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Deep Brain Stimulation 
Parkinson - a wrong code in the brain 



Prof. Hagai Bergman 
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Implanting electrode in patient’ s brain (fully alert) 





Deep Brain Stimulation 

(For ameliorating Parkison’ s symptoms) 




Patient: Male, 58 years old 
PD Eight years (with extreme on-off) 



Hadassah University Hospital, Jerusalem 



Brain-activated robot arm 





From Brain Activity to Moving a Robotic Arm 

Directly from the brain 





Future challenges 



1. Develop chronic brain nano-chip + 

Kdust sensors " 



2. Develop telemetric communication 



Implanted 
microelectrode 
arrays - - 



Visual and 
tactile feedback 



Multichannel neural 
si gNel processing: 
Instrumentation and 
analysisNaeurochip 
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^transmission of Computation of 
neural activity 30 movement 
via telemetry trajectory 




Real-time interface to contra 
a robotic prosthetic arm 



3. Develop real-time signal 
processing methods (including 
sound processing) 



3D arm trajecf 



4. “closing the loop” Stimulation + 
recording together 





Frontier 3. Optogenetics 

Optical stimulation (and recording) from single neurons in the living brain 



with blue light 
Causes spikes 



Prevents spikes 



yellow light 





Fura-2 excitation 

ChR2 activation 




OPTOGENETICS 



Transgenic 
mouse 
expressing 
ChR2 in 
the brain 




Arenkiel et al. Neuron (2007) 




Mouse with "optogenetic" brain - activated by blue light 





7 am never content until I have constructed a mathematical model of 
what I am studying. If I succeed in making one, I understand; 
otherwise I do not ’ 



Artificial Neural Networks and 
The notion of digital simulation of the brain 









The Blue Brain Project 
Simulating the Brain 

Markram (Lausanne) + NEW 
Sakmann (Heidelberg) 

Martin (Zurich) 

SPAIN - Blue Brain Node 

The Blue-Gene IBM Computer +team 

10,000 processors; 0.05 Peta Flops/sec 




Prof. Idan Segev 





Could 



lead to 



insights? 

The (terrible) case of Columbia Space shuttle 




Insights from Detailed Simulation of the Columbia Space 
shuttle 



SGI machine: 10,240 Itanium processors; 20 terabytes 
memory; 500 terabytes disk storage. 1000 NASA scientists 





Can we Simulate the Brain - and thus Understand it 

(In health and disease?) 




The cortical column 

The “inventfull” building block of the mammalian 

cortex 




(lmm 3 ) Size of a pin head 

10,000 cells, 100 million connections (synapses) 




The“Brainbow” - a new method to study the fine anatomy of the 



Cortex 



Hippocampus 



Motor axon terminals 



CONNECTOMICS 
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SPIKES - The electrical language of Neurons 



Project 1 : 

Capturing electrical complexity of neurons via Mathematical 

(H&H) - formalism 

(from ion channels to electrical class - automatically 
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Modeling electrical activity of neurons 
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Using our Multiple Objective Optimization (MOO) method we can 

provide true-to-life model of all cell types 





250 msec 




Challenge 2: Modeling mathematically the connections 
between neurons (Synapses) - Done 

Challenge 3: Modeling plastic (learning) processes in 
networks (synaptic plasticity) - Ongoing 



Challenge 4: Connecting the cortical networks (a-la- 
experiments) - Ongoing 




The Blue Brain (IBM) Computer 




20,000 processors, million*million operations/second 



100,000 REAL CELLS (10 COLUMNS) 



Modeling a small part of the mammalian brain 
10,000 model neurons; 10 billion model synapses 



COMPUTER VOYAGE INTO THE BRAIN 
Cells and fibers 





COMPUTER VOYAGE INTO THE BRAIN 

Connections ' billion synapses) 



The Future of the Blue Brain Project 




Time-line for BBP/HBP 



20013 2030! 






2005 - 0.05 PF/s - 0.002PB 



20’000 times more powerful than tod 






Automatons 

In 1737, Vaucanson built The Flute Player, a life-size figure of a 

shepherd that played the 

tabor and the pipe and had a repertoire of twelve songs 





Humanoid robot (ASIMO) 
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Boston Dynamics 



Brain, machine and the “digital us” 

(“After Life”) 
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Emerging applications and cutting edge research in BM^uminary 

around the world 

Application Description 

■ Mind controlled ■ NeuroSky is developing an EEG based brainwave reader that 
video game can detect distinctive emotions and use them to control video 

games 



■ Restoring sight ■ Second Sight has developed a device which consists of a tiny 

camera and transmitter mounted in eyeglasses, an implanted 
receiver and electrode array which together restore eye sight 



■ Operating a robotic ■ University of Pittsburgh lab has enabled a monkey to operate a 
arm with mind robotic arm processing signals from a Braingate electrode 

implant in the motor cortex 



■ Typing with your ■ Stanford study enables paralyzed patients to type up to 15 words 
mind a minute by reading electric activity in the pre-motor cortex using 

a Utah electrode implant 



■ Restore speech ■ Neural Signals is developing a device which will restore speech 

using an implanted neurotrophic electrode to detect electrical 
activity in the Broca’ s area. 



■ Brain interface with ■ Honda is developing a brain interface to its ASIMO humanoid 
Humanoid robot robot project 




SOURCE: Companies websites; team analysis 






What more will the Brain teach us at 
the 21 st century: “The century of the 
Brain”? 
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The Universal "a la Da Vinci" Renaissance Student 




Neurobiology <& 
Medicine 
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Theory/Modeling 



Applied Physics <& Engineering 








Toda Rabba 




